on the electrolyte metabolism of patients in congestive failure. Varying degrees of hyponatremia and hypochloremic alkalosis were noted. Significant disturbances in potassium balance were not observed and normal potassium values were found in biopsy specimens of skeletal muscle. The alkalosis can be attributed to the effect of mercurials on chloride excretion which is relatively greater than their effect on sodium. The continued administration of mercurials resulted in electrolyte disturbances which prevented diuresis. When these abnormalities were corrected the mercurials again became effective.
I N RECENT years many reports have called attention to the occurrence of sodium chloride depletion* in patients with congestive heart failure.'-4 This is of particular interest since previous studies had indicated that the untreated edematous cardiac patient retained sodium and water in amounts which maintained the serum sodium concentration within normal limits.5' 6 A normal serum sodium has likewise been observed in preliminary observations on approximately 40 untreated patients. Although these findings do not exclude the possibility that salt depletion can occur in untreated patients, they strongly suggest that depletion is most commonly associated with the various therapeutic regimens designed to treat edema.
Additional support for such a relationship is to be found in the increasing number of clinical reports on the appearance of dehydration and salt depletion following the use of mercurial (liuretics.8'2 The importance of assessing the possible role of therapy in the production of electrolyte abnormalities is fur-From the Department, of Medicine, College of Physicians and Surgeons, Columbia University, and the Presbyterian Hospital, New York, N. Y.
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During the course of the work, one of us (R. J. S.) was a National Heart Institute Trainee. * In this paper the term electrolyte depletion is used to mean a decreased concentration in the body fluids; it does not refer to the total quantity present. 54 ther emphasized by the fact that mercurial diuretics, in large and frequent doses, have recently been advocated for the treatment of persistent and refractory decompensation."1
Since detailed metabolic data are not available, the present study was undertaken in an effort to define the nature and magnitude of electrolyte disturbances in a limited number of patients maintained on the conventional regimen of salt restriction combined with the frequent administration of mercurial diuretics. Electrolyte metabolism was studied in terms of (1) the over-all balance of sodium (Na), chloride (Cl), potassium (K), and nitrogen (N);
(2) their respective serum concentrations; and (3) the electrolyte composition of skeletal muscle obtained by biopsy at the end of the balance stuldy. Additional observations were made on the effectiveness of various procedures in correcting the electrolyte abnormalities.
METHODS AND MATERIALS
Patient Selection. Each patient was selected from the medical wards of the Presbyterian Hospital; the criteria for selection included the presence of severe congestive heart failure with extensive peripheral edema, normal serum albumin, the absence of overt renal insufficiency, and the willingness to cooperate in a balance study which would include muscle biopsy. Seven patients were studied, aged 48 out the period of study with bed-rest and sedatives. Each patient was fully digitalized before the balance studies were begun and subsequently received constant maintenance doses. Mercuhydrin (the sodium salt of methoxyoximercuripropylsuccinylurea, Lakeside Laboratories, Milwaukee, Wis.) was administered intramuscularly. The dose of each injection was 2 cc. Daily weights were recorded routinely on the same scale in the fasting state. The patients were maintained on a constant low salt diet, the nature and quantity of which were selected by the patient during a preliminary period. The daily fluid intake of distilled water was likewise constant. Two type § of balance studies were carried out: complete (diit,, urine and stools analyzed), and incomplete (urne anl Yyzed; diet analyzed or calculated). In the four complete studies (patients J. C., G. M., W. M. and J. A.) divisions were made into arbitrary periods of seven to eight days during which the daily diet was kept constant by weight from identical food lots. Duplicate daily diets for each period were analyzed for sodium, chloride, potassium and nitrogen. At the end of each period the food lot was changed and duplicate diets were again analyzed for the subsequent period.* On three occasions, dietary intake was corrected for uneaten residues, the composition of which was determined by analysis. Consecutive 24 hour urines were collected, measured for volume, and analyzed daily for sodium, chloride and potassium. Urinary nitrogen values were obtained for each balance period from pooled aliquots of the daily urinary output. All stools were pooled for each period, and analyzed for sodium, chloride, potassium and nitrogen.
In the three incomplete balance studies (patients V. P., E. S. and S. M.) the identical procedure was carried out except that a few food lots were changed without analysing each individual lot, and the stool electrolyte and nitrogen values were not determined. The dietary intake of patient S. M. was calculated from standard tables.'4-'6 Some patients received infusions of hypertonic sodium chloride, tablets of potassium chloride or ammonium chloride, and transfusions of whole blood. In each instance aliquots were analyzed, although * Analyses of 21 nitrogen determinations were not made on the transfused blood. Venous blood was drawn in the fasting state without the application of tourniquet when possible. Blood specimens were obtained about every two to three days; the blood values reported in table 1 were taken to coincide with the beginning and termination of each balance period.
Analytic Methods. Sodium and potassium were determined by internal lithium standard flame photometry.'7 The Volhard titration'8 was used for chloride analysis. Nitrogen determinations were done by the standard Kjeldahl procedure. Analyses on tissue, diets, and stool were done in triplicate. Serum carbon dioxide content was measured with the Van Slyke manometric apparatus. Serum urea nitrogen was determined by direct nesslerization according to the method of Gentzkow.'9 Arterial blood was collected in an airtight syringe to which had been added a small amount of heparin with sodium fluoride; pH was determined by a Cambridge glass electrode.
Diet and stool specimens were homogenized and made up to a known volume with distilled water. Aliquots for sodium and potassium determinations were digested until clear with equal volumes of concentrated nitric acid on an electric hot plate, filtered and made to volume with lithium for analysis by flame photometer. Chloride was determined on aliquots of the homogenate which had been digested on a boiling water bath for four to six hours with standard silver nitrate and concentrated nitric acid. Aliquots of the homogenate were also taken for nitrogen assay.
Muscle biopsies were obtained in the 4 patients in whom complete balance studies were done. The tissues were analyzed according to methods previously outlined,20 with the one modification that the neutral fat extraction with ethyl ether was followed by an additional extraction with 100 per cent ethanol.
Calculations. In complete balance studies total balance figures for sodium, chloride, potassium and nitrogen represent the difference between intake and output. Intake was calculated as the sum of diet and medications. Output represents the sum of losses via urine, stool, and blood letting. Electrolyte content of whole blood was determined directly; nitrogen values were calculated.t
Previous studies have shown that a negative nitrogen balance is associated with a loss of potassium in amounts approximately proportional to the ratio of potassium to nitrogen in normal tissue. The potassium balance has, therefore, been corrected for the nitrogen balance, assuming a value of 2.5 mEq. potassium per Gm. nitrogen. Since the fluid
The ratios indicate a considerable variation in different food lots; the greater range observed for sodium is partly attributable to the low total content. t Nitrogen content of whole blood was calculated on the basis of a constant ratio of 1 Gm. nitrogen per 2.5 mEq. of potassium.
CONGESTIVE HEART FAILURE
balance can not be accurately obtained from measured intake and output due to the insensible loss, external fluid balance has been calculated from the observed changes in body weight which have been corrected for the loss or gain of tissue mass as determined by nitrogen balance. The factor of 30 Gm. nitrogen per Kg. wet tissue was used.
RESULTS

Clinical Response
Of the 7 patients studied, 6 lost their edema and regained cardiac compensation. One patient (W. M., fig. 3 ) developed marked electrolyte abnormalities, failed to compensate, and subsequently died in congestive failure. Although all 7 patients developed abnormalities of electrolyte metabolism, in 3 instances (J. C., G. M. and J. A.) this did not preclude full clinical recovery. However, in 3 patients (V. P., M. S. and E. S.) cardiac decompensation persisted until the electrolyte abnormalities were corrected.
Patient W. M. complained of lassitude, drowsiness, weakness, and anorexia, but not of muscle cramps, during the third and fourth weeks of the balance study. These symptoms were alleviated following the administration of hypertonic saline on days 29 and 32. In the other patients of this series, as well as in many observed on the general medical wards, the absence of specific symptoms of sodium depletion has been striking. This experience is somewhat contrary to reports in the literature.
Probably the degree and the duration of depletion are important in determining the resultant symptoms. It should be emphasized, however, that in heart failure, in contrast to adrenal cortical insufficiency, sodium depletion may be completely asymptomatic.
Electrolyte Balance
The results of the balance studies are recorded in tables 1, 2 and 3.* Graphs for each patient are presented in figures 1 to 6. The data indicate several different types of response to essentially the same regimen of salt restric-* Variations in stool output were quantitatively small and are not discussed in the text. However, the output of potassium and sodium in the stool represents a significant fraction of the total. tion and mercurial administration. For purposes of exposition these responses have been arbitrarily divided into four phases.
1. Minimal Electrolyte Abnormalities. If the edematous patient were to excrete extracellular fluid and a proportional quantity of electrolytes, the serum electrolyte concentrations after diuresis would be maintained within normal limits. Such a response was observed in the early phases of treatment (approximately the first week) in patients J. C., G. M. and J.
A. In these instances the high urine volume and rapid change in weight were associated with normal serum sodium and potassium concentrations and only slight changes in serum chloride and bicarbonate.
2. Hypochloremic Alkalosis. The second pattern observed was characterized by a fall in serum chloride and a reciprocal rise in serum carbon dioxide without significant change in sodium or potassium concentration. In some patients an elevation of arterial pH was also demonstrated. The development of alkalosis is best documented by the findings in J. A. (tables 1 and 2, fig. 4 ). The serum electrolytes were initially normal. At the end of 21 days of sodium chloride restriction and the repeated administration of mercurials the serum bicarbonate had risen to 30.7 mEq. per liter and the arterial pH was 7.50. During this period the serum potassium remained unchanged; the final serum sodium concentration was normal. V. P. ( fig. 5 ) showed a similar response. Prior to the detailed studies he had been treated on the general medical ward for five weeks with bed rest, digitalis, salt restriction, and mercurial diuretics, but was completely refractory to treatment. The balance data show that the administration of Mercuhydrin produced a metabolic alkalosis without achieving significant diuresis. The patient remained refractory to therapy until the alkalosis was treated with ammonium chloride. He then lost 11 Kg. of weight rapidly and regained complete cardiac compensation uneventfully. It is of interest that the diuresis was associated with a significant rise in serum sodium despite a constant low sodium intake; this was apparently the result of the relatively greater excretion of water than of sodium. The pathogenesis of the alkalosis may be considered in reference to table 4 which summarizes the data for the period when mercurials were given approximately every other day and the low sodium chloride intake was maintained. Patients G. M., W. M., and J. A. developed a significant alkalosis and were studied for a total of 72 days; mercurials were given for a total of 37 days. For the days on which mercury was administered the average urinary excretion of sodium and chloride was 101 and sure was within normal limits. This would suggest that, due to the associated cardiac decompensation, some of the patients were In 4 of the patients with hypocholoremia the arterial pH was elevated. In one of these patients the carbon dioxide partial pressure was elevated while in 3 others the partial pres- have been shown to increase the renal excretion of potassium in the dog2'-23 as well as in man. 24 In the present study this effect was found to be variable when measured in terms of the 24 hour output (table 4 ). In 4 patients there was no change in potassium excretion irrespective of changes in urine volume. In W. M. and J. A. Mercuhydrin slightly increased potassium excretion, while in V. P. the effect was marked. No explanation is apparent for the differences in response. A decreased serum potassium concentration was observed in only In J. A. mercurials increased potassium excretion but a normal balance was maintained by potassium conservation on the days when mercurials were not given (tables 3 and 4). Throughout the study his serum potassium remained normal and there were no abnormalities in tissue electrolytes as determined by muscle biopsy. In contrast, W. M. was apparently unable to conserve potassium. The serum concentration fell from 4.0 to 2.5 mEq. per liter over a three week period during which time the corrected potassium balance was -114 mEq. with a total dietary intake of 920 mEq. A muscle biopsy obtained on day 22 revealed only borderline changes in potassium content. *
Intracellular Cation Concentrations
Changes in the sodium and potassium concentrations of the intracellular space can be evaluated by a variety of methods. It was found that calculation of the balance data by the method of Darrow25 was not completely satisfactory for the present studies for two reasons: first, the apparent changes were relatively small and had developed over a long period of time, and second, the calculations require a knowledge of the initial extracellular fluid volume which, in the edematous patient, can neither be measured with great accuracy26 nor assumed with any validity. Direct analyses of red blood corpuscles were periodically performed in several patients by the determination of whole blood and plasma electrolytes and the calculation of the red cell composition on the basis of the hematocrit. The results were inconsistent, showed no specific trends, and are not reported.
Since skeletal muscle represents the major portion of the intracellular space it was hoped that direct analyses of biopsy specimens might yield helpful information. The results obtained in 4 patients are given in table 5A; the corresponding values of serum electrolytes are given in table 5B. The analytic data are presented in terms of the observed whole tissue values; the intracellular concentrations have also been calculated on the basis of the chloride space. Recent studies27 show that the chloride space is not an accurate index of the total extracellular space of the body. However, since available evidence indicates that only a small fraction of skeletal muscle chloride is intra-* Presumptive evidence of potassium depletion was obtained during days 23 to 28 when the patient was given 252 mEq. potassium (orally and by transfusion) of which approximately 100 mEq. were retained. The patient's course was complicated by bleeding into the soft tissues of the leg and a transfusion reaction. In addition, a complete nitrogen balance was not obtained for this period. The balance data can therefore be considered as only approximate values. cellular,28 and since no studies have shown that this fraction is subject to variation, the intracellular calculations are presented, based on the assumed identity of the chloride and extracellular spaces. The calculations must obviously be considered as tentative, not only because of the basic assumptions involved, but also because of the fact that relatively small analytic errors are associated with large changes in the calculated values. Considered in view of the above limitations, the data of table 5 show that the muscle water and extracellular space of patients J. C., G. M. and J. A. were not increased, a finding consistent with the absence of demonstrable edema at the time the specimens were obtained. W. M. was markedly edematous and this is reflected in an increase in the calculated extracellular water of the muscle.
The absolute potassium content of muscle FIG. 6. Patient S. M. Unit #557458. Arteriosclerotic heart disease; congestive failure of two months duration. Prior to study treated on general medical ward for four weeks with bed rest, digitalis, salt restriction and mercurials; hyponatremia and hypochloremia resulted without loss of edema. Two weeks before balance study received 500 cc. 5 per cent sodium chloride intravenously followed by marked diuresis in response to mercurial. Mercuhydrin administration continued with recurrence of edema, sodium chloride depletion, and loss of response to mercury. Balance study begun when moderate amount of edema persisted. On day 4, 820 cc. 5 per cent sodium chloride intravenously. Clinically free of edema on day 6. See figure 1 for explanation. these results with the balance data show a satisfactory agreement, although an exact comparison is limited in part by the fact that the muscle composition at the start of the balance study is not known. J. C. and J. A. were in slightly positive potassium balance (table 3) . G. M. had a corrected pc)tassitlln balance of -54 mEq. over a 30 day period (total intake 1492 mEq.). W. M. had a corrected potassium balance of -114 mEq. for 21 days (total intake 920 mEq.), and in addition developed a low serum potassium concentration.
The calculated intracellular values reveal no increase in intracellular sodium except in the case of W. M., in whom the intracellular sodium and sum of sodium and potassium are abnormally high. This was previously noted in metabolic alkalosis20 but its significance is obscure.
In general, the muscle analyses failed to show significant changes in intracellular cation concentrations. It may be emphasized that these data do not indicate whether or not specific changes may have occurred in other tissues.
Nitrogen Metabolism
All 4 patients on whom complete balance data were obtained were in significantly negative nitrogen balance (table 3) . Dietary nitrogen was low and was thus comparable to the intake of the severely decompensated patient in whom anorexia is an important symptom.
Serum Urea Nitrogen
The effect of the therapeutic regimen on the level of serum urea nitrogen was variable. Of the 7 patients, only one developed appreciable nitrogen retention.* The serum urea nitrogen of E. S. rose from an admission value of 27 mg. per 100 cc. to 53 mg. per 100 cc. at the end of eight days. This change was accompanied by the development of nausea, marked anorexia, and generalized lassitude. During this period the patient had received four injections of Mercuhydrin and for the first six days of the study had been given 36 Gm. of ammonium chloride. The elevation of urea nitrogen occurred in association with an 18 Kg. diuresis and the complete restoration of cardiac compensation without the development of significant abnormalities of the serum electrolytes. When mercurials and ammonium chloride were * W. M. had a single transient rise in serum urea nitrogen to 52 mg. per 100 cc. following a transfusion reaction. This rapidly subsided. discontinued, the patient was maintained on a low salt diet and digitalis without other medication. Elevation of the serum urea nitrogen persisted and was not alleviated by forcing fluids up to 2600 cc. daily. After two weeks the serum sodium and chloride concentrations fell to 125 and 85 mEq. per liter, respectively. Because the balance study had been previously discontinued, the explanation for this salt depletion is not apparent. However, in response to the infusion of 600 cc. of 5 per cent sodium chloride, the patient's electrolyte deficits were immediately corrected. Five days later his serum urea nitrogen -had fallen from 40 mg. per 100 cc. to 22 mg. per 100 cc. and he was completely asymptomatic.
Correction of Electrolyte Abnormalities
The administration of certain salts for the correction of electrolyte deficits was studied with particular emphasis on their effect upon the responsiveness of the patient to mercurial diuretics. Three agents were employed-hypertonic sodium chloride infusions, ammonium chloride, and potassium chloride.
Hypertonic sodium chloride (5 per cent) was given intravenously ten times to 5 patients in amounts from 150 to 820 cc. per infusion. In six instances the procedure was carried out cautiously while the patient was still in congestive heart failure. No increase in peripheral venous pressure or signs of left ventricular failure was noted. Minor unpleasant effects were sometimes encountered, such as headache, a sensation of burning along the course of the vein, and local venous thrombosis (one case).
The infusion of 5 per cent sodium chloride per se had a small and variable effect upon urinary excretion during the subsequent 24 hour period. Urine volume usually decreased; sodium and chloride excretion increased slightly in 3 patients; potassium excretion increased in one patient.
A single infusion of 500 cc. of 5 per cent sodium chloride elevated the serum sodium and chloride 7 to 10 mEq. per liter; variations in response depended partly upon the amount of edema present. A sharp fall in hematocrit of approximately 25 per cent was consistent with an expansion of the plasma volume. A major factor conditioning the response of the patient appeared to be the appearance of marked thirst. W. M. (fig. 3 ) received three infusions of hypertonic sodium chloride from days 29 to 35. There was an associated rise in serum sodium from 117 to 138 mEq. per liter, and the patient, formerly refractory to mercurials, again responded to their administration. Severe thirst was experienced when the serum sodium had risen to 125 mEq. per liter and this became so distressing that the fluid intake was increased on day 38. A total of 800 cc. of 5 per cent sodium chloride was given intravenously during the following four days. But the total intake for this period, including food and fluids by mouth, was 726 mEq. of sodium and 10,400 cc. water-a ratio of 70 mEq. per liter. The effective sodium chloride intake was, therefore, not hypertonic. This was associated with a rapid accumulation of edema, gain in weight, reduction in serum sodium and chloride concentrations, and the loss of responsiveness to Mercuhydrin.
The effect of the administration of hypertonic saline and the simultaneous restriction of fluids on the response to Mercuhydrin is best illustrated by the data on S. M. (fig. 6 ). The patient was refractory to Mercuhydrin when the serum sodium and chloride were about 120 and 88 mEq. per liter, respectively. The infusion of 820 cc. of 5 per cent sodium chloride on day 4 was not associated with any immediate change in renal excretion, but the injection of Mercuhydrin on the subsequent day, when the serum sodium and chloride were 130 and 100 mEq. per liter, respectively, was followed by a diuresis of sodium, chloride, and water and a 3 Kg. loss of weight. This response was observed twice in this patient, although documented by balance study only once. A similar response was transiently observed in W. M. (described above).
Hypertonic sodium chloride was given to 4 other patients (not included in this series) in whom the failure to respond to mercurials had been associated with sodium depletion. Detailed observations were not made but in each instance the infusion was followed by thirst, an increase in water intake, the accumulation 65a CONGESTIVE HEART FAILURE of edema, and no significant change in the response to mercurials.
Ammonium chloride was given to one patient (V. P., fig. 5 ) with hypochloremic alkalosis and a slight depression of serum sodium concentration. This was followed by a rapid return of the serum electrolyte concentrations toward normal. While in alkalosis he had been refractory to mercury; a satisfactory diuresis was immediately obtained when the alkalosis was corrected.
Because of the reported association of potassium depletion and alkalosis,29 patient W. M. was given potassium chloride on two occasions in the hope that it might correct the alkalosis. On both occasions the serum potassium rose to normal levels, but no clinical improvement was noted and the patient remained refractory to mercurials. The experience with this patient certainly does not constitute a fair trial for potassium therapy in mercurial induced alkalosis; the problem will be discussed more fully below.
DIscussIoN
These observations were made to ascertain the electrolyte abnormalities that might accompany congestive heart failure when treated with digitalis, low sodium chloride intake, and the frequent administration of mercurial diuretics. The results do not necessarily apply to other methods of management or to patients receiving either more liberal allowances of dietary sodium chloride or smaller or less frequent injections of mercurials. However, the dosage of Mercuhydrin employed in this series was considerably less than the maximum schedule recommended for refractory patients by Gold, namely, 2 cc. every 12 hours.13 In some patients the observed abnormalities were undoubtedly magnified by the fact that the regimen was continued for a considerable length of time after all signs of decompensation had cleared. However, it should be emphasized that the most severe examples of alkalosis and sodium depletion occurred in the presence of persistent decompensation with massive edema.
The data emphasize certain variabilities in response. The smaller deviations in the serum electrolyte pattern were noted when Mercuhydrin produced a prompt diuresis, while the continued administration of mercurials was associated with hypochloremic alkalosis, and in most patients with sodium depletion. Some of these variations in patient response can not be adequately explained. The possibility arises that electrolyte depletion in cardiacs might be associated with overt renal insufficiency. In the patients of this series the highest initial serum urea nitrogen was 27 mg. per 100 cc.; phenolsulfonphthalein excretion was normal; and the maximum specific gravity of the urine was 1.020 or higher. Albuminuria was variable and, in the presence of congestive failure, can not be considered indicative of specific renal disease. Intravenous pyelograms were normal. Thus, by conventional clinical criteria, the patients did not have renal failure. These findings serve to emphasize that the role of the kidney in regulating the electrolyte composition of the body fluids can not be accurately evaluated by the usual clinical tests of renal function.
A number of reports have previously shown that the administration of mercurials is associated with a greater increase in the urinary excretion of chloride than of sodium.30-34 V'arying degrees of hypochloremia have also been noted. 30' 31, 34-37 The possible relationship of mercurial-induced alkalosis to disturbances in potassium metabolism deserves particular attention. Darrow and his associates have observed that metabolic alkalosis may be associated with a depletion of intracellular potassium and a corresponding increase in intracellular sodium in skeletal muscle.31 This has been confirmed for man in patients with gastric alkalosis.20 The clinical importance of these observations lies in the fact that the administration of potassium salts is extremely effective in correcting the alkalosis, whereas sodium salts and ammonium chloride are relatively ineffective.29 It is obviously important to determine whether mercurial-induced alkalosis is accompanied by similar changes and whether potassium should be used for its treatment. Our studies do not demonstrate a significant potassium deficit. The pertinent observations are: (1) the corrected potassium balance wvas slightly positive in one case and slightly negative in 2 cases with alkalosis; (2) three of four muscle biopsies showed a normal content of potassium on a dry weight basis; (3) a slight increase in the calculated intracellular sodium content was observed in onlv one of four muscle biopsies; and (4) the discrepancies between the external baWance of sodium and chloride can be readily accounted for by the resultant changes in extracellular concentrations and do not indicate an intracellular migration of soddium. In addition, in V. P. the alkalosis was easily corrected by ammonium chloride; the administration of potassium salts to W. M. had no effect on either the alkalosis or the clinical course. It is realized that a single therapeutic trial with potassium salts is inconclusive; they were not given to subsequent patients because the accumulated data failed to indicate a rationale for their administration. It is, of course, possible that in a larger series of patients instances of significant potassium depletion might be encountered.
The physiologic factors modifying the diuretic response to organic mercurials have been summarized in an excellent review by Pitts and Sartorius. 39 The refractory state has been associated with (1) metabolic alkalosis and/or a decreased serum chloride concentration40-41;
(2) dehydration; and (3) a decreased rate of glomerular filtration.42 A decrease in either the concentration or the absolute quantity of chloride in the glomerular filtrate appears to be a common factor, but detailed mechanisms are not known. Our data document a sequence of events associated with the continued administration of mercurials, namely, excessive loss of chloride in the urine, hypochloremic alkalosis (with or without hyponatremia), failure to respond to mercurials, correction of the alkalosis, and return of diuretic response to mercury. * The combined administration of ammonium chloride and mercurials has been based upon their synergistic diuretic action.40 It is not determined whether this effect is due to the resultant acidosis40 or to the high serum chloride concentration per se.43 The production of hypochloremic alkalosis by prolonged mercurial therapy emphasizes another rationale for the adjuvant use of ammonium chloride, namely, that it prevents the development of alkalosis, or corrects it if present. Excessive administration of ammonium chloride should obviously be avoided because of the potential danger of producing a severe acidosis.
It is difficult to assess the value of hypertonic sodium chloride for the correction of sodium chloride depletion. Although a satisfactory clinical response was clearly demonstrated in three instances, other considerations ntdicate that hypertonic sodium chloride is not the agent of choice. First, its administration is accompanied by the potentially hazardous expansion of plasma volume. Second, it produces considerable thirst leading to an increased water intake which may partially or completely nullify its effects. A good clinical response was obtained only when water was rigidly restricted. And third, in the edematous patient with hyponatremia the total quantity of sodium in the extracellular fluid is increased and is potentially available for the correction of a low concentration. As illustrated by patient V. P., the initiation of a diuresis can correct hyponatremia without an increase in sodium intake.
These studies should not be interpreted as questioning the value of the mercurial diuretics in the management of cardiac decompensation. They emphasize, however, that the continued administration of mercury may, in some patients at least, result in severe disturbances of electrolyte metabolism, and that these disturbances themselves prevent a satisfactory diuresis. In the edematous patient who has become refractory to a mercurial because of hypochloremic alkalosis, the administration of the drug apparently may be effectively continued provided the electrolyte abnormalities are corrected by appropriate therapy. SUMMARY 1. The effects of salt restriction and mercurial diuretics on electrolyte metabolism were CONGESTIVEI HEART FAILURE, studied in patients with congestive heart failure. Complete balances for sodium, chloride, potassium and nitrogen were obtained in 4 patients; in 4 patients, specimens of skeletal muscle obtained by biopsy were analyzed; less complete balance data were obtained in 3 other patients.
2. Electrolyte disturbances included hypochloremic alkalosis and varying degrees of sodium depletion. No evidence was found for the appearance of an intracellular potassium deficit, although one patient developed a low serum potassium and was in slightly negative potassium balance.
3. In 3 patients electrolyte abnormalities did not prevent recovery from congestive heart failure, while in 3 others they were directly correlated with the persistence of cardiac edema.
4. Limited observations on corrective therapy were made. The significance of hypochloremic alkalosis occurring in the course of treatment with mercurial diuretics is discussed.
